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Preface 
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Introduction 

The Tariatlon In streaai flow of many jtaierioan rlTers is 
great » and in order to eoonomioally derelop power on those 
streams the use of some type of moTable dam Is necessary* If 
a moTable dam Is used the headwater can be kept at a high 
lerel during times of ordinary floWt while during floods the 
channel can be opened and the pond IotoI kept from rising much 
aboTO normal* The purchase of flowage rights to large areas 
01 land which would be damaged by floods held back by a fixed 
dam 9 or the loss of large amounts of power during periods of 
low flow, the two alteraatires when a fixed dam is used, is 
unnecessary when a moTable dam is used* 

The tainter gate is a type of moTable dam Tory widely 
used in connection with hydro-electric power derelopments* 
It is often known as the radial f pirotedf cylinder or drum 
gate, although the latter two names should properly be re* 
serred for gates of another type* The gate consists of a 
sector of a cylinder, having its fatce coTered with steel plates 
carried by radial frames piToted at, or nearf the center on 
the downstream side* The gate provides large openings in the 
dam and because of its shape and method of pivoting it is 
easier and quicker to operate than any other gate of equal 
size* This ease and simplicity of operation, together with 
its ability to withstand hard usage with little likelihood 
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of derangement ef parte, makes the gate a desirable type te use 
nhere conditions require a moTable darn. 

The engineer, to correctly design a talnter gate dam. te 
pass the maximum probable flood i must know something of the rate 
of discharge nhich can be expected through the gate opening lAien 
the gate is raised until its lower edge clears the upper surface 
of the water* When, as is frequently the case, the extent to 
which the gate can be raised is limited by details of the hoist- 
ing apparatus or by construction the lower edge of the wide- 
open gate may still be below the upstream pond lerel. It ISt 
therefore, desirable to know how the interference of the gate 
will affect the flow. 

Economical doTolopment of the water power resources of the 
country requires that records of stream flow be kept on all the 
principal riTers« frequently the best place for measuring the 
discharge of a rirer is at the dam of an existing power plant • 
The quantity of water passing throu^ the turbines can be deter* 
mined quite accurately* Howerer, the flow is Tory often more 
than can be utilised by the water wheels, and one or more gates 
may be partly opened to pass the excess water. It is then 
necessary to know the discharge characteristics of such gates 
for the giyen opening if the stream flow is to be correctly 
determined# 

Irrigation project doTelopments require the dlTersion of 
large quantities of water through canal headgates« These gates 
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for head works auot usually be of the undershot typOt and the 
loot of head through them must be email # It muet aleo be poe* 
Bible to determine the flow through euoh gates with oomparatlTO 
ease and their discharge ooefflcient must therefore be known* 
Ihile talnter gates harot at the present date » been used but 
little for irrigation canal headgates . the writers beliere that 
there are many conditions under which their use is both feasible 
and desirable, and that their use in such works will greatly 
increase in the future* 

Object of Bcnerimentf 
The purpose of the writers in conducting these experiments 
has been to, (l) determine the Talue and Tariation of the co* 
efficient of discharge of a spillway such as is often used for 
tainter gate dams » (2) to determine the Talue or ralues of the 
coefficient of discharge for the aperture formed by raising a 
tainter gate from its seat t (S) to determine the effect of sub* 
mergence on the flow throu£^ the waterway prorided by opening 
a tainter gate, and, (4) to determine the rarious factors which 
influence the discharge through tainter gates^ 
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Historical ReTlew 

Thln^ediced Weirs 

Measurement of stream flow by obserrlng the head on thin* 
edged weirs has been on a firmly established footing since the 
early experiments of James B. 7rancls made In 1852* These ex* 
yerlments were made to determine the exponent (n) In the weir 
formula, % • C L H° 
In Which (^ s quantity of discharge In cubic feet per second 

C s a coefficient t Including the factors £ # ^ ^* 

L s the length of the weir In feet# 

H • head on crest of weir measured to surface of still 
water In the upstream channels 

Trom these experiments 7rancls presents the final formula 

q - Z.ZZ L H^ 
In which » If there are end contractions the effectlre length 

L : L** 0.1 n H» where 

L^a measured length of weir 

n 8 number of end contractions 

andt If there Is Telocity of approach t the effectlre head Is 

found fromt 

3 II 

H^ 8 (lHh)» . Tafi where 

D 8 measured or actual depth on the crest of the welr^ 
usually determined as the difference of eleyatlon 
of the weir crest and the water lerel » taken at a 
point sufficiently far upstream from the weir to 
aTold the surface curre* 
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h « Yeloolty head b J^ t • arerage reloolty of 

^8 approach 

The knowledge of the flow oyer sharp creoted weirs was 
au0ftented by OKperiments made in 1877 by Tteley and Steams on 
suppressed weirs^ i#e*t weirs with channel of approach eqiutl in 
width to the length of the weir* 

Beginning in 1886 1 Basin » a Ifrench engineer » made a Tory 
complete set of weir experiments to determine the effect upon 
the discharge of: 

(a) The Telocity of approach 

(b) The hei£^t of the weir 

(c) The crest contraction 

(d) The end contractions 

(e) The form of the nappe 

Basin found experimental coefficients (m) to apply in the formula^ 

(^ s m L D V2g D 
for Tariations in each of the factors mentioned abore* It should 
be noted that in the Basin formula D can be corrected for Telocity 
of approach in the same manner as for the Francis formula* and 
that (m) is then equiTalent to ^LaSk. in the Francis formula* 
The results of Bazin^ s experiments are undoubtedly the most Tal* 
uabie data aTailable today on the flow OTor weirs • 

A number of weir formulas haTO been deriTod from subsequent 
analysis or recomputation of these earlier experiments considered 
in connection with later experiments made to check the coeffic- 
ients determined. Anong these later experiments may be mentioned 
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those of Hamilton Smith » and the Cornell UnlTerslty experiments 
for depths of flow on the orest exceeding those used by the 
early experiment ers« 

These many experiments hare made possible the deriration 
of formulas and the determination of ooeffioients by the use of 
ivhich the discharge oyer a standard thin edged weir can be 
accurately computed, within the limits of accuracy of head 
measurements 

In general t for precise measurements with standard thin* 
edged weirs-* 

1. The upstream crest should be sharp and smooth 

2. The OTorf lowing sheet should touch only the upstream 

crest corner 
Z. The nappe should be perfectly aerated 
4* The upstream face of the weir should be rertical 

5. The crest should be loTol from end to end 

6. The measurements of head should show the true actual 

eleration of water surface abore the lerel of the 
weir crest 

J. The depth of leading channel diould be sufficient to 
proTide complete orest contractions » and* if they 
are not suppressed t the width of channel should be 
sufficient to proTide complete end contractions^ 

6. A weir discharging from a quiet pond is to be pre- 

ferred. If this is not ayailablOt the Telocity of 
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approach in the leading channel should be rendered 
as uniform ae poeeible and correction made therefor 
by the method employed by the experimenter in derir* 
ing the formula ueed« (W« S. P« #200 • page 49.) 

Broad^creeted Deme and Irroinilar Weire 

Because of the many conditions nhich must be fulfilled the 
construction of a thin edged weir which shall be permanently 
useful to measure the flow of large streams is both difficult 
and expensiye. It therefore becomes desirable to utilise exist- 
ing dams to determinOf at least approximately, the discharge of 
large rivers^ 

Sereral groups of experiments hare been made to determine 
the proper coefficients for irregular weirs • The investigations 
of Basin included experiments on rarious form of weir crest, 
including broad-crested weirs of seyeral widths, with rertioal 
upstream and downstream slopes, or with sloping aprons at 
various angles on the downstream or upstream sides, or on both« 
The United States Board of Engineers on Deep Waterways, in 
1899, conducted a series of experiments at Cornell University 
to determine the flow over various irregular shaped darns* 
(Trans* An. Soc* C. IR.^ ▼ol* 44); In 1903, a series of ex* 
periments were conducted for the U# S* Geological Survey by 
Gardner S. Willisms » working under the supervision of Robert 
E* Horton* These experiments were made to determine the flow 
over weirs with broad crests (some with crests sli^^tly in- 
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ellned) and weirB with ogee eeotions. (W«S«P* #2009 page 96* ) 
Other experimenters hare worked with one or two types of dame 
and have added to the aYallable data on flow oyer Irregularly 
shaped darns. Ihlle reliable ooefflolents have been determined 
for a few of the simpler types of dams^ It may be said that » In 
general » the Tarlatlen In the ooefflolent of dlsoharge with 
Tarlatlon In the shape of the crest Is so great and Irregular 
that no general rule of variation can be given » and the data 
and conditions of the original experiments must be consulted 
In each case. 

Mr. Robert B. Hortont In Water Supply and Irrigation Paper 
No. 200 of the U. 8. Geological Survey* has made available most 
of the existing data on flow over Irregular shaped dams • and 
wherever possible has reduced the results obtained to coef* 
flclents for application. In the simple formula 

q s C L H? 
so that the results of various experimenters are made comparable 
and can readily be applied to practical use. 

Submerged Dams 

If the water on the downstream side of a weir stands above 
the crest level » the dam Is said to be submergedt drowned* in* 
complete, or partial* Subuat* a Vrenchman» published the first 
studies of the flow of water over submerged weirs In 1786. He 
used a suppressed weir and derived the theoretical formula that 
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l8 the baeie of those used at present: 

q • c| L ][2b (H-h)^ + o» L h \/2g (H-h) 
in uhlch H and h are the heights of the water above the weir 
oreet on the upstream and downstreaa sides respeotiyely* 
Tranois made a series of experiments on submerged weirs, the 
results of whioh were worked up in 1877 by Tteley and Stearns 
in conneotion with some experiments of their own* Tranois 
made a later series of experiments in 1883 » the results of whioh 
are published in his book ^Lowell Hydraulio Ibcperiments*" 

** Clemens Hersohel in a paper before the itanerioan Society 
of Civil Engineers, 1885, declared himself dissatisfied with the 
submerged weir formula then in use, and presented a table of 
coefficients expressing the ratio of the head on the submerged 
weir to the head on a free fall weir of equivalent discharge 
for different percentages of submergence. These coefficients 
he derived from the experimental data obtained by ?rancis and 
Tteley and St earns « Though he did not use the formula 

q, m 3«S3 L (m)2 
his coefficient H is always applied through this formula, which 
is therefore known as the Hersohel Formula." (Clement, Conrad 
and Doolittle, U. of ¥• Thesis, 1915.) 

i5asin made a very complete study of the flow of water over 
submerged weirs. 7or many of the model weirs of irregular sec- 
tion for vhioh free discharge coefficients were obtained by himt 
he also obtained a duplicate series of coefficients with various 
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degrees of eutxnergence. These ooefficiente were expressed ms 
values of u for the formula: 

q s a L H ^WgE 
in whioh (^ m discharge in oubio feet per eecond 

m • ooefflcient 

L n length of weir oreet , feet 

H s head on upstream elde corrected for Telocity of 
approach 

g • acceleration due to gravity 

Since each form of weir eection requiree a epeoial formula or 

table of coefficiente» little more can be done than to refer 

to the original data for each epecifio caee« 

A number of theeee have been written at the UnlTereity of 

Wloconoin on the dlecharge over eubmerged broad creeted and ogee 

dame f both with and without approach elopee* 

Large Rectangular Orlflcee 

Very little data le available on the flow throu^^ large 
rectangular orificeee In the year 1827 H* H, Fencelet and 
Lesbroe commenced at Hets an elaborate eeriee of experiment • 
upon the discharge through rectangular vert leal orifices of 
Tarious sizes, the largest being #656 feet square. Hamilton 
&&itht Jra9 gives a siammary of the results obtained in his 
book on ]^draullcs* He also publishes a limited amount of 
data taken by himself in determining the discharge through 
long, narrow apertures cut through planke The most complete 
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and reliable data eonoerning the flow ef water through large 
orifices is giren in a paper by Mr, Theo* G# BlliBt entitled 
"Description and Results of Hydraulic Kcperiments with Large 
Apertures at Holyoke, Massachusetts,** and printed in the Trans. 
A. S, C. H. f rol. 69 1875. This paper presents the results 
of experiments on orifices two feet square » and two feet by 
one footf discharging freely into air^ and on the latter ori» 
fice submerged* 

InTestigations of the flow through submerged orifices 
haTS been conducted at the UniTersity of Wisconsin* 0. 3. 
Stewart made a series of experiments on orifices four feet 
square, and L* R* Balch inTOstigated the flow through four- 
inch orifices* The results of these studies have been pub* 
lished in the UniTersity of Wisconsin Bulletins* 

Taint er Gates 

The writers have been unable to find any published record 
of experiments on the flow through the peculiar type of aper* 
ture formed by opening a tainter gate* Parker ("Control of 
Water") giTes a very limited amount of data on the flow 
through "Orifices with Prolonged Boundaries" » and on flow 
through "Sluices and Gates" , under conditions which approximate 
more or less closely those existing at a tainter gate* Julian 
and Hinds 9 Engineers for the U* S* Reclamation SerTicot discuss 
the flow through canal headgates and present the results of 
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•bserTatlonB on two actual installations in the October • 1919 » 
Reclamation Record. The data are Tory limited and leaTe much 
to be deeired in thie field* 
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Theory 

MoBienolature 

The elgnifloanoe of the letters ueed in the following 
dlBcueelon lo ao followo: 

(^ • quantity of dlocharge In cubic feet per eecond 

A • area of gate opening In oquare feet 

H • upetreaa head on daHi» feet 

Hg* downstream head on daa» feet 

Hq* head on center of gate opening » corrected for Telocity 
of approach 

H*b* head on bottom of gate opening # corrected for Telocity 
of approach 

H^* head on top of gate opening f corrected for Telocity of 
approach 

Jy^^ obeerTod head on bottom of gate opening • feet 

]>t* obeerTOd head on top of gate openlngt feet 

L * length of gate» feet 

W • hel£^t of gate opening » feet 

g • acceleration due to graTlty» feet per second 

hy- head equlTalent of Telocity of approach 

Cf Ci9 C2f etc.t • coefficients of discharge 

h - difference In IotoI between upstream and downstream 

channels for submerged orifice t corrected for 

Telocity of approach 

d • ditto* without correction for Telocity of approach 

n - Herschel coefficient gr^efall head for same discharge 

Submerged Head 

g . Downstream head on weir 
Upstream head on weir 
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Orifice 

It iu not the purpose of this theeie to dlecuee the flow 
through Btandard sharp edged orifloee or oTor standard welrs« 
Any standard text book on Hydraulics gives the derlTatlon of 
the theoretical formulas to be used In computing the flow 
through such openings « This brief discussion Is Intended 
merely to show the relation between the flow through these 
standard structures to the discharge OTor the spillway of a 
talnter gate dam» and to the discharge through the peculiar 
type of orifice formed nhen a talnter gate Is opened* 

The ordinary formula for flow through a sharp edged 
orifice discharging freely Into air. Tig. 1, Is based on 
Torrlcelll^s theorem » which states that "If a small orifice 
be opened In the side of a Teasel containing water » the 
Telocity of the escaping Jet will be nearly equal to the 
Telocity acquired by a body falling freely from rest throu£^ 
a Tertlcal distance equal to the depth of the orifice below 
the free surface of the water,** (Hosklns Textbook of Hydraul* 
los) and IS9 

(I m CA \/2g Ho (1) 

r C L (H]t> • %) V^S ^c '^^ rectangular orifice 
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The ooefficlent C !• Introduced in the formula beoauee the 
▼elooity of the water through the opening ie not quite equal 
to the Telocity which would be attained by a freely falling 
body falling a distance equal to the effectlTe head, and be- 
cause the area of the Jet le oonelderably leee than the area 
of the orifice^ due to contraction on all edges « The coefficient 
C Tarles slightly with both the head and the dimensions of the 
orifice, but a good aTorage Talue for sharp edged orifices Is 
0.61. 

The head Hq Is usually taken to the center of the orifice 
If the else of the opening Is small In comparison to the heaul 
acting. If that condition does not exist, the variation In 
effectlTe head at different points In the orifice must be con« 
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Bidered and the f«xuula becomes, for m rectangular orifice of 



width L and depth H^ • H^^ s W: 
<l s Ci I fSg L (I^ - h|) 



(2) 



H^m effeetlTe head tn bottom odge of orifice m i)^4 h^ 
H^: effectiTe head on top edge of orifice * D^4 h^ 

If the orifice instead of being in a Teeeel ie in a 
bulkhead acroee a channel » and if the area of the orifice ie a 
coneiderable part of the oroes oectional area of the channel t 
the water will approach the orifice with an appreciable Teloc* 

ity, Ve The fall of the free surface i^ich must haye been ex« 

v2 
pended in producing Telocity Y is, then^hy z ^ • ^o g^t the 

2g 

effectiTe head the measured heads must therefore be corrected 
by the quantity h^* 




Fiq. £ 
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If the orifice doee not dleeharge freely into air but lo 
partially eulnerged (eee Tig. 2) the oondltiens are modified 
eomei^at. ^ irtiat preoedea, the disoharge %, throu^ BC, the 
portion of the orifice clear a^oTO the tail-raee* is 

(ll « Ci I {W L (h^ - ^) 

The flow through the submerged portion CD is evidently under the 
effectlTO head h and the discharge is therefore given by 

(l2 s C2 L (H|, . h) ^IzTh 
Assuming that C^ « Cz ^^* total discharge is 

(I « (ii+ (i2 s C2 \f2g L [l (h^ - I^) + (H^ - ii)r^] 

If the orifice be lAiolly submerged (?ig* 3) the effective 
head on all parts is evidently h and the disoharge eqtuals, 

(I S Cj fSg L (H,, - Ht)y/T' (4) 



J^"^ " 




/y^ 



q, Ht 



6 



W 






w ,f 



1^. 3 
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The area of the jet ieeuing from the orifice in each of 
the abore oaeee will be leee than the area of the orifice* The 
coefficient C will rary with the ratio » area of contracted 
eection to area of orifice, and will hare its leaet ralue for 
a oharp edged orifice in which complete contraction takes place# 
The borders of the channel and the edges of the orifice must 
at no place be less than three times the least dimension of the 
orifice apart if complete contraction is to occur* (Farker» 
page 146.) Since the difference between the area of the con- 
tracted section of the jet and the area of the orifice is 
caused by the conrergence of the streams of water approaching 
the edge of the orifice from the interior of the reseroir in 
which the orifice is made^ any border or thickening of the 
edge of the orifice will partially prerent this conrergencet 
and will consequently increase the ralue of Cp the coefficient 
of discharge* (Parker » page 147*) 



Lr 

If the water lerel in the reseroir supplying an orifice 
becomes so low that the free surface just passes the upper 
edge of the orifice » the latter ceases to act as an orifice 
and then acts as a weir. Under those conditions the upper 
edge of the orifice could be remored without affecting the 
flow« 
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The dieobarge orer a sharp- edged weir may be found by 
putting D^ f in equation (2) abovot equal to 0. Thue equation 
(2) becomee: ^ ^ 

q. I CL ^ (4- iif) (8) 

and if the area of the approach channel ie large in oomparieon 
to the area of flow orer the weir, the Telocity of approach io 
email and h^ may be dieregarded, giring the general weir formu- 
la ae generally ueed: 

3 

q « I C L {ST H^ (6) 

where H ie the depth of the creet of the weir below the surface 
of Btill water abore the weir« 

The effeotire sectional area of the water flowing throu£^ 
a rectangular weir ie lees than L H because of (a) crest con- 
traction* (b) end contractiont and (c) the fall of the free 
surface towards the point of discharge* To correct the theo- 
retical discharge for the effect of these contractions of the 
stream the coefficient C is introduced in the formula* It is 
reasonable to assume that the diminution of the actual sectional 
area, L H, due to crest contraction and the fall of the free- 
lerel surface is proportional to the length L of the openings 
and that weirs with the same shaped crest will hare the same 
coefficient of discharge regardless of the length, proriding the 
effect of end contractions is eliminated* JTrancis (Lowell Hy- 
draulic Scperiments) finds that the end contractions are pro- 
portional to the head on the weir €uid from a series of experi- 
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ment8 presents the final formula: 

3 

q • S.ZZ (L - on H H) H^ (7) 

L 8 meaeured length of weir in feet 
V m nuaT)er of end contraotions 
(^ « quantity of diecharge in feet 

H « head on weir creet in feet 

ft 
If the weir ie of ooneiderable length ooapared to the depth of 

flow the effect of end contraotione ie mall and may be neg- 
lected, and the formula reduces to: 
3 

q - C L ^ (8) 

Which is a most conrenient form to U8e» since the effects of 
all Tariahles are included in one coefficient, which is then 
a direct index of the flow orer one weir as compared with 
another* 

Theoretical discussions of the flow of water orer sub- 
merged weirs usually consider the discharge as consisting of 
the flow orer a weir under a head (H ^ H^) (See ?ig« 4), and 
of the flow through a submerged orifice of depth H^ under a 
head (H - Hq)* The formula for the total discharge is then: 

(^ z 0^)12^ L [^1 (H . Hg) + Hg(H - H^)*] (9) 
This formula reduces to a simple form and is more comparable 
to the free fall weir formula if it is expressed in terms of 



the upstream head on the weir, H, and the ratio of submergence 

h 

H 



Of the weir or ZSL z B. The formula then becomes: 
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d - C L H^ (1 - S)*(l + |) (10) 

in irtiioh ^ Z ^\ J \/2g# The produoe of the laet two terns 
in thle formula represent 8 the theoretieal ratio of the discharge 
orer a submerged weir to that orer a freefall weir under the 
same upstream headt and is always less than unity. A simple 
oomputation shows that the ralues of this ratio decrease slow* 
ly for submergences up to 50% » but decrease rery rapidly at 
high submergences • 




F/y. 4, 



The Herschel method of attacking the problem of the flow 
orer a submerged weir consists of reducing the measured head 
to an equiralent head which would giro the same discharge orer 
a free orerflow* Herschel determined the ralue of the multi* 
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pller H to be applied to the head in the formula: 

3 
^ - C L ( N H)2 (11) 

in whioht 

Q, s dieoharge of a eubnerged weir 

C : coefficient of discharge of the weir under f reef all 

oonditiona 

L • length of weir 

H X meaeured difference between upetream and downetream 

heads on a auhflnerged weir 

The discharge orer a euhmerged weir, according to Heraohel^e 

3 

formula » beare the ratio H^ to that orer an unaubmerged weir 
under the aame head* 

The formulae giren abore are applicable to eharp-edged 
openingBy an edge being coneidered sharp when the Jet springs 
clear at the inner face of the opening and does not again come 
in contact with the edges • Since the effect of the contraction 
is cared for in the formulas by the use of the coefficient C, 
the same formulas may be used for other than sharp edged open* 
ings if the proper ralue of C is used to care for the effect 
on the area of the issuing stream of any suppression or increase 
in the contraction and to care for any change in the frictional 
resistance to free passage of the water through the opening* 
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Fig, Sn 
Bcperlmental Dmi 

The peculiar type ef weir and orifice under coneideratlon 

in this theeiB ie shown in 7ig« 5 and Plate 4« The effect of 

an approach elope euch ae AB has heen found by many experiment 

tere (See experiment 8 of Basin and IT* 8« Deep Waterways Board* 

Water Supply Paper #200 » and 1916 Theeie of Conrad i Powler and 

Parker) to be a reduction of the bottom contraction and a oon- 

sequent increase in discharge* The effect of a flat crest such 

as BC on the discharge is found to rary with the ratio of the 

breadth of the flat crest f to H^ the head on the weir. The 

ratio of C* the coefficient for a thin-edged weir, to C* » the 

coefficient for a broad crested weir is found by Basin to con- 
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tlnually inoreaee ae H lnorea8es» B remaining constant, and 
to continually decreaee aB B increaeeB, H remaining constant* 
Similar reeulte were obtained by HullinB, (W*S«P* #200 t 
page 118) The effect of a downBtream apron Buch aB CB (7ig« 
5) ie to slightly decrease the diseharge since it supports 
the jet aboTe its free trajectory and tends to produce a 
back pressure at the crest • The piers at the ends of the ex- 
perimental weir eridently would partially suppress exul con«* 
tractions and should theoretically increase the discharge* 
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DeBorlDtlon of Apparatus 



Introductory 

The general plan of apparatus used in the experimenting 
conducted for this thesis is shown on Plate II • All of the 
apparatus used> with the exception of the dsa and gate shown 
on Plate CI, was already at the Hydraulic laboratory, and 
was merely set up to suit the purpose • Various drawings and 
pictures are shown throu^out so as to enable the reader to 
obtain a clearer conception of the apparatus employed* 

Source of Water Supply 

The water used in these experiments was obtained from 
Lake Hendota» upon whose shore the laboratory is located* The 




Fig. 0. 



water was pumped by a six inch centrifugal pump into the large 
concrete reserYoir which is located on the hill behind the 
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Engineering Building • 7rom here it was drawn ae needed^ Some 
of the larger gate openings required more water than could be 
furnished continually by the reeerToir so it became necessary 
to operate the pump at the same time« 

Piipe Lines 

As shown on Plate I the piping system was so arranged 
that water could be drawn either from the pump» reserToir, or 
from both. A one inch feed pipe from the Uniyersity pressure 
mains is also shown* This was used to obtain a finer degree 
of regulation of the water going oyer the measuring weir« 

The Weir Box 

The discharge into the experimental channels for all 
the smaller runs » was measured by a sharp crest edt rectangu* 
lar, contracted wier two feet long set in a weir box oyer 
the head of the channel • 

The construction of this box is shown in detail in Plate 
II • It was built of two inch cypress planks tongued and 
grooTed* The inside length was seyenteen feet, three inches; 
the width f four feet, three inches; and the depth four feet, 
three and a half inches • The box was held together by sets 
of four-byfour inch timbers bolted together with half inch 
tie rods« 

It was supported oyer the head of the channel on a con* 
Crete parapet wall on one side and by four-byfour inch blocks 
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on the other 8ld6« An Iron Jaok on the block under the front 
timber was used to leyel up the weir crest after the box was 
in position^ 

A two and a half inch gate TalTe was placed in the side 
of the box two inches abOTO the bottom near the rear to be 
used for draining the box and in setting the zero of the hook 
gage« 

The Measuring Weir 

The measuring weir set in the end of the box was a 
rectangular notch two feet wide and one and a half feet deep* 




Fi<^. 7. 



It was cut from steel plate three- sixteenths of an inch thick t 
the edges of the downstream side being boToled, leading a crest 
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one-8izteenth of an Inch wide. The plate was eonstruoted so 
that i/hen the crest was leyel the sides were yertical* It is 
shown in 7ig« 7« 

Weir Box Baffles 

As shown on Plate II a systen of baffles was arranged in 
the weir box insuring a steady flow of water. These baffles 
began three feet from the rear end of the weir box. The first 
set consisted of two solid partitions of three-quarter inch 
boards I the first extending upward from the bottom of the box 
and the second, eighteen inches downstresBf extending down- 
ward from the top of the box and OTor-lapping the first by 
a little oyer one foot* Ten inches further downstream was 
the first of the second set of baffles. These baffles were 
slat baffles placed edgewise in the current. The upstream 
baffle slats were vertical and the downstream baffle slats 
were horizontal* 

The Venturi Meter 

With large gate openings the amount of water needed ex- 
ceeded that which the weir could supply, so it became neces- 
sary to set up the yenturi meter shown on Plate III. 

This Tenturi meter was set up to the left of the down- 
stream end of the measuring weir box and discharged into the 
experimental channel at the same place as the measuring weir* 
A mercury pressure gage was employed to measure the difference 
in pressure at the mouth and throat. 
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The Bcperlmental Channel 

This ohstnnel le along the south wall of the laboratory on 
the experimental floor • It ie nlnety-flTe feet long, four feet 
wide, and four and a half feet deep. The south Bide is lined 
with one inoh matched sheeting six inches wide nailed to tim- 
bers set flush with the face of the concrete. On the north 
side the lining is nailed to two-by-fours attached edgewise to 
the permanent timbers in the concrete wall* Upstream of the 
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experimental dam no attempt was made to keep water from going 
through the lining but the oroee wall of the dam extended back 
to the concrete walls eo that no water could go below the dam 
without paeeing through the gate openings 

A eyetem of baffles, similar to those used in the weir 
box» consisting of four solid board baffles and two slat baf- 
fles was built in the head of the channel to quiet the tur* 
bulent flow« 




Fio. // 
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The Bcperlmental Dam and Taint er Gate 

This apparatus is shown on Plate lYt and in Fig« 9 and 
10. 

The daa was built of concrete and was located fortysix 
feet from the head of the channel « The crest was six inches 
aboTe the bottom of the channels eight inches wide, and lerel. 
JTrom the upstream edge of the crest » the approach sloped down 
with a three to one slope for eight inches, and then dropped 
Tertically to the bottom of the channel • JTrom the downstream 
edge of the crest t the apron sloped down with a four to one 
slope for sixteen inches , and then dropped Tertically to the 
channel bottom. The width between the two vertical walls was 
twenty inches. These walls were four inches thick with the 
upstream edge pointed to a right angle* 

The tainter gate was built of wood with a galvanised 
iron face. This face was curved in the shape of an arc with 
a seventeen and a half inch radius, it was held in place by 
a half inch iron rod passing throu^ the back of the gate and 
in bearing on timber blocks placed in the back of the vertical 
walls. The raising and lowering of the gate was controlled by 
two strips of wood fastened to the frame of the gate by bolts 
and extending up to a framework of two»by-fours where they 
were held at the desired place by hand clamps. A strip of 
rubber packing was attached te the vertical sides of the gate 
to prevent water from leaking through • 
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The Control of Submergence 

The control of the degree of eubmergenoe was effected by 
means of a rertical lift gate located fortynine feet down* 
stream from the dam« This gate was not water-tl^^t, but ob- 
Btructed the flow of water enough so that the desired eub* 
mergence was obtained* It was operated by a hand wheel placed 
at the center of the gate« A riew of the gate ie shown in 
Fig. 11. 
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Heok Gages 

The measurement B of head at all places « except the Ten- 
turi meter were made with hook gages. Vox measuring the head 
on the measuring weir the special type designed by prof* D« W« 
Head was used* The hooks fastened on the lower end of a brass 
tubOt was moved by a micrometer head screw« The principal 
scale, one foot long, was graduated In tenths and hundredths 
of a foot* The pitch of the screw was one hundredth of a 
foot, and the circumference of the head was dirided Into one 
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hundred equal parte eo the meaeuremente could be read to ten* 
thousandths of a foot# To measure heads beyond the range of 
the scale the brass rod was loosened and mored fire-tenths 
of a foot, the tube haring dlrisions on it for this purpose. 

The other type of hook gage was not as delicate an instru- 
ment in that it reaid only to a thousandth of a foot# Its 
scale was divided into tenths and hundredths of feet and by 
means of a vernier was read to thousandths of a foot« This 
tjrpe was used for measuring the upstream and downstream head 
at the experimental dam« Both types of gages are shown in 
Jig. 12. 

Piesometer Openings 

The connection from the weir box to still basin Vo. 1 
was made by a short piece of one inch pipOt the end being 
set flush with the inside of the weir box, six and a half feet 
back from and seven and a half inches below the crest of the 
measuring weir. 

The upstream head was measured six feet upstream from the 
dam and four inches above the bottom of the channel by the use 
of the special piesometer shown on Plate Y* The connection 
between still basin Vo. 2 and the piezometer was made by a 
one inch pipe and a flexible rubber hose* 

The downstream head was measured in still basin Ho« 3^ 
lAiich was located ei^^t feet below the experimental dam* Water 
was admitted to this still basin through four one»eig)ith inch 
holes punched in each side of the still basin one half inch 
above the bottom. 
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Still Basins 

The use of still basins was necessary In order that the 
various heads oould be read accurately* 

The still basin for Gage No. 1 was hung outside of the 
weir box six and a half feet back from thecrest of the measur* 
Ing welr« It Is shown In place on Plate 2. 

The still basin for Gage Ko# 2» measuring the upstream 
head on the experimental damt was located nine feet downstream 
from the experimental dam. It Is shown In ?lg. IS 
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Still basin for Gage No# 3^ measuricg the downstrean head* 
was located eigjit feet downstream from the experimental dam in 
the center of the channel. It is shown in Fig« 9« It was of 
a special shape » being long and narrow t pointed in the front 
and rounded in the back; so as to interfere with the flow of 
water as little as possible* The arrangement for supporting 
the basin was constructed so that the basin could be raised or 
lowered with changing lerel of the water. 
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Methods of Bcperlment Ing 

Determination of the Zero of the Hook Gaget 

The zero of Gage No • 1 on the measuring weir was obtained 
by reading the gage iftien the water surface in the weir box 
was at the level of the crest* This position of the surface 
was determined by passing an electric liglht across the crest* 
the image of the filament remaining undistorted when the sur* 
face was at the crest lerelt and showing a distortion when it 
was aboTS or below« 

The zero of Gage Ho« 2, used to measure the upstream 
head on the experimental damt was determined in two ways* The 
first method employed was to bring the water up to the lerel 
of the crest of the dam and read the gage* A carpenter^ s 
lerel was set on the crest of the dam and let extend out orer 
the water surface as a means of determining when the lerel had 
been reached* The second method eaqployed was that of using 
an engineer* s lerel and a lereling rod* The rod reading was 
taken for sereral points across the crest and these ralues 
areraged* The rod reading was then taken on the point of the 
hook gage* The zero could then be computed* 

7or getting the zero of Gage Ko« 3 t two methods were 
also employed* The first was by the use of the engineer* s 
lerel and lereling rod> and the second by the use of a syphon 
between Gages 2 and 3* The holes in the still basins were 
corked tight t and the water allowed to syphon orer through 
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a rubber hoae. Ihen the lerel of the water in both atlll 
baelne waa the aame the hook gagea were read almultaneeualy* 
It waa then a almple matter to oompute the aero of the hook 
gage« 

Sereral obaerratlona were taken for getting the aero 
of all the hook gagea a erring to obtain both a oheok and an 
average ralue* The raluea obtained for Gage No« 2 ahowed a 
range of four thouaandtha of a foot and thoae obtained for 
Qage No« 3 a range of one thouaandth of a foot* 

Reading the Hook Qagea 

Hook gage readlnga were taken at half minute Interrala 
during the runa* Ihere the water aurfaoe oaolllated the 
readlnga were taken at the trougha and create of the warea^ 
The effect of loat motion in the aorew waa eliminated from 
the average readlnga by alwaya lowering the point of the hook 
below the water aurfaoe and bringing it up to the aurface^ 

Reading the Mercury Preaaure Qage 

Conalderable oaoillation occurred in the mercury prea- 
aure gage and the average waa obtained here alao by reading 
the high and low point a» 

Meaauring the Gate Opening 

The method uaed for meaauring the gate opening waa by 
direct meaaurement with calipera and acale« After the gate 
had been aet at the approximate deaired opening » readlnga 
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were taken at four Inoh Interrals aoroaa the width of the 
oreat. Iheae raluea were areraged and the arerage reoorded 
as the gate opening* 

The Rune 

Runs were made under four different oonditiona* The 
first runs made were with the gate removed* unsubmerged and 
with Tarious upstream heads* The gate was left out for the 
second series also» but in this oase the upstream head was 
kept approximately constant for the entire series t while the 
degree of submergence was raried* The gate was placed in 
position for the third series of runs* 7or each of the 
sereral gate openings a number of runs were made with differ<» 
ent Talues of the upstream head* the head raryihg from a 
lerel Just abore the lower edge of the gate to the level used 
in the constant head runs abore mentioned* The discharge 
for this series was free* A fourth series of runs was made 
with the upstream head as nearly constant as it was possible 
to maintain itt nhile for each of the sereral gate openings, 
the downstream head was varied from below the crest of the 
spillway to a level but little below that in the upstream 
channel* The gate openings used in this last series were 
made as near the same as those used in the free discharge 
runs as was possible with the means used in setting the gate« 
In runs where there was no submergence » the heads on the 
measuring weir and the upstream head on the dam were read and 
recorded* Ihen submergence existed the downstream head on 
the dam was also recorded# 
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The arlthaetloal arerage of all readings taken during 
a run were used In computing the oorreoted heads, and the oo- 
efficients of discharge • Heads hare been corrected for Teloc- 
ity of approach by assuming that the correction to be added 
to the upstream head was equal to the square of the aTorage 
velocity through the entire channel section at the upstream 
gage dlTided by twice the acceleration due to gravity, or 
h^ : ^ « This is approximately correct for low Telocitiest 
Theoretically, under submerged conditions, the head due to 
the Telocity of retreat should be subtracted from the depth 
of submergence, but no such correction has been made in these 
computations* 

Tor conTenience in conTertlng the head on the measuring 
weir into quantity of discharge, the table of logarithms of 
heads and corresponding discharges (see Appendix B) was pre^ 
pared* Use of this table made it possible to determine to 
thousandths of a cubic foot the discharge corresponding to a 
glTen head* As the Tenturi meter was only used for a Tory 
few runs no such table was prepared but the logarithm of dis« 
charge was read directly from a large scale curTe similar to 
the logarithmic head-* discharge curTO shown in Appendix 0. 

With the exceptions hereafter noted,six«place logar- 
ithm tables were used in the computations* Since the logar- 
ithm of discharge could only be determined to four places 
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with aocuraoy» it was oonsldered aufflclently aoourate to use 
logarithms to the nearest four places t and that was the method 
performed* The area of channel of approach and the correspond* 
ing Telocity were computed with a 10-inch slide rule« Values 
of the velocity head were taken from Table It Water Supply and 
Irrigation Paper Ho* 200* Three-halves powers of heads were 
taken from tables 5 and 6 in the same paper* Percent sub* 
mergence was computed with the slide rule* 
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CaiAPHICAL 8U1IMABT Of RBSULTS 
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Dleouaalon of Resulta 

The reBulta obtained for free dlecharge orer the Bplll* 

wayt without the gate int hare been ahown by the free-fall 

ooefflolent carTe> ifig. 14* The raluee of the ooefflclent 

3 

C in the formula (^ « C L H^ are giren, beoauee this equation 
iB in the most conrenient fom for U8e> and to make the re« 
BultB comparable to thoee presented by Horton in Water Supply 
Paper ITo* 200* The ooeffioient ie seen to increase rery 
rapidly with the head until the head is sliglhtly greater than 
the width of the flat weir crest, and apparently approaches a 
constant ralue of 3*075 thereafter • This indicates that the 
effect of the crest is rery small when the head is large in 
comparison with the width of the crest. Data taken by Basin 
and the J3. 8. Geological Surrey (see Water Supply Paper Ko«200) 
on the flow orer dams with 8«inch crests and 2;l approach and 
downstream alopea » indicate that the conatant coefficient ap« 
preached at heada of about twice the weir creat width ia 3«60« 
Thia diacrepancy of about 15% the authora beliere to be due 
to the effect of end contract iona* The noae of the piera of 
the experimental dam waa ahaped aa a 90^ angle andt while the 
length of the piers abore the creat waa aufficient to com* 
pletely auppreaa end contractiona for amall flowa, when the 
flew waa large and the drop orer the dam conaiderable» the 
Telocity of the water near the aurface waa high and there waa 
a conaiderable contraction due to the blunt pier noae. See 
Fig. 23. 
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Thl8 effeot was Tery hotioeable as it oaueed a depreBBlon 
of the water eurfaoe near the pier faoee and a piling up in 
the center of the spillway. See Jig. 24 « This effect was 
probably increased by the channel being of considerably great* 
er width than the length of the spillway. The water approach- 
ing the crest from near the channel walls gained an appreci* 
able velocity and moyed at an angle to the weir crest. The 
authors therefore believe that if two or more gates were usedy 
the coefficient determined by the flow when all were open 
would be larger than that with only one open. 

The submerged coefficient curve given in 7ig. 15, shows 
that the coefficient of discharge of the spillway increases 
rapidly with increase in submergence. This increase is pro- 
bably mainly due to the fact that the velocity of flow is de- 
creased with increased submergence, and with lower velocities 
the effects of crest and end contractions , if anyt and of 
frictional resistance are reduced^ Tig. 25 is a view of flow 
during submerged run #134 showing the overflowing sheet plung- 
ing beneath the downstream waters* 
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The ratio of the head on a free-fall weir to that on a 
submerged weir for equal discharge, length and orest conditions 
being the same, is shown graphically in 7ig« 16, nhere N rep- 
resents that ratio« The effect of drowning is seen to be 
small until the submergence reaches 60^, while for hi^^er sub- 
mergences the ratio decreases rapidly* 

The ordinary discharge coefficients for the apertures 
made by opening the gate various amounts were computed from 
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the formula C • — .,^ and are presented graphically in 
}fig. 17 • The coefficient ie seen to increase with the head 
for small gate openings « This is contrary to the usual ex* 
perience with sharp edged orifices for which^ in general » 
the coefficient decreases as the head increases « The increase 
found here is probably due to the fact that the approach slope 
has the effect of suppressing contraction at the bottom irtiere 
the head is greatest , and the increase in amount of water 
carried through this available bottom area due to the increased 
Telocity caused by a higher head is greater than the decrease 
due to the same change in head caused by the increased con«* 
traction at the bottom of the gate where the head and therefore 
Telocity is low. As the size of the gate opening increases t 
the relative effect of the suppressed and complete contraction 
have less influence on the total flow and the coefficient 
ceases to increase with the head and finally OTon decreases as 
the head becomes great er» 

The rapid decrease in the discharge coefficient as the 
hesA on the center of large gate openings decreases, may be 
partially explained by theoretical considerations. Substitulb- 

ing in equation (2) , page 17, H^^r ^o * T *"* ^t* ^c * 2 * ^' 
panding by the binomial theorem, and substituting in equation 

(2), the result becomes 

2 
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in uhlch the eerlee oonvergae rapidly except for relatively 

large valuee of w • (Hoekln^e, Hydraulics) In using the ap-^ 

proximate formula upon which 7ig. 17 is based, we have as- 

eumed that the head on the center of the aperture is great in 

comparison with the vertical dimension of the orifice and that 

all terms except the first in the conyerging series may he 

neglected* If however, as in the case of the first run for 

0*5815 gate, the ratio S is nearly equal to one, the second 

^c 
and succeeding tezms of the aboye series become of appreciable 

Talue and must be considered. If they are not considered the 

effect is to giye a large yalue of Ct which decreases rapidly 

W 
until the head increases sufficiently to reduce the ratio ? • 

The effect of neglecting the latter terms of the correct 

formula for discharge may therefore account for part of the 

rapid decrease in the yalue of the coefficient of discharge* 

Howeyer, the consideration mentioned does not explain the 

entire change, since the variation within the range of these 

experiments is about 4^, which would require the height of 

opening to be twice the head on its center, lAiieh conditions 

oould not be attained with the opening still acting as an 

orifice. In these experiments, the largest ratio of height 

of an opening to the head on its center was about one* Other 

conditions must therefore be responsible for the decrease in 

discharging capacity* The general tendency of the coefficient 

of discharge under considerable heads to decrease with increase 
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in BizB of opening » io in acoordanoe with the reoulte obtained 
by other experiment ere on large reotangalar orifices « 

The coefficient of discharge determined from the theoretic- 
ally correct formula for discharge was also found to decrease 
with increase in head when the gate opening was large # bee Jfig* 
18 • This decrease the authors belieye to be due to two 
principal causes t contraction at the lower edge of the gate and 
contraction at the piers« As indicated in Pig« 26* when the 
level of the head water is but little aboye the lower edge of 
the gate, the Telocity of the upper stratum of water passing 
through the opening is comparatiyely low and water drawn down 
from the surface of the pool approaches the edge of the gate 
at a small angle with the horizontal. The contraction at 
the lower edge of the gate is small under those conditions • 
It may be noted here that in making the experimental runSt 
it was found necessary to have the upstream water leyel hi^» 
er than the lower edge of the gate by from about 0.1b foot 
for small gate opening to nearly 0«5 foot for a large gate 
opening before the lower edge of the gate would catch the 
water surface and act as the upper edge of an orifice. This 
necessity is due to the increase in velocity of the water as 
it approaches the crest of the dam and the consequent fall 
in water surface which begins at a point some distance aboye 
the crest • Ihen conditions are as represented in Pig« 27, atnd 
the upstresm water leyel is considerably above the lower edge 
of the gate, the upper strata of water passing through the open- 
ing are under a considerable head and hence the velocity is 
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proportionately large. Under such conditlone the water is 
drawn down to the opening ae Indleated in fig. 27 » and the 
contraotlon at the edge of the gate ie large. Such oontrac«* 
tion reduces the dlecharglng capacity of the opening and 
hence reducee the coefficient of discharge^ 

Mention has iDoen made of the effect of the blunt noeed 
pi ere In causing end contract lone when the Telocity of flow 
ie hight and thiB effect ie probably responsible for part of 
the reduction in the discharge coefficient when the head on 
a large gate opening increases* 

The theoretical formulas for the discharge through a 
submerged orifice are quite complicated and coefficients 
determined for use with them are of little practical value^ 
Therefore, it was thou^t desirable to consider the discharge 
from submerged openings in the manner originated by Clemens 
Uerschel for use with submerged weirs. The ratio of the head 
for free discharge to the head when submerged, for the same 
orifice discharging water at the same rate, is giyen by Plg« 
19, in which N represents that ratio. The runs for this data 
were taken with the upstream head as nearly constant as pes* 
sible, but with seyeral depths of submergence of the sill 
for each gate opening. The Herschel coefficient ouryes , 71g« 
19 , show that for the four small gate openings , and the sill 
submerged less than Z0% the discharge is approximately the 
same as for a freefall discharge under the same head. J^or 
the two larger openings at low submergences the largest dls- 
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charge for a glTen head wae eeoured with the elll euhmerged* That 
result oan only be explained by oonelderlng that the eff eot of 
submerging the elll wae to reduce the contraction at the piere* 
The coefficient submergence curres show that for each gate opening 
there le a certain percent submergence aboTe which the head required 
to produce any given discharge under submerged conditions becomes 
rapidly greater than the head for a freefall outlet glrlng the 
same discharge* The point at lAilch the change occurs is seen to 
be rery nearly at the percent submergence for which the lower 
edge of the gate becomes submerged. This change In discharging 
capacity Is probably due to a change In condition of the out- 
flowing sheet of water or nappe* Tig* 29 1 a rlew of run #99 1 
shows the outflow conditions when the sill Is not submerged but 
when the channel Is obstructed sufficiently to back the water 
onto the downstream apron* The nappe Is seen to faJLl quickly t 
and there Is no back pressure on the opening* Jflg* 30 shows the 
condition of the nappe for run #102 1 the gate opening being the 
same as for run #99 , but the downstream lerel being such that the 
sill Is submerged but the lower edge of the gate Is not* The 
out-flowlng sheet has practically the same shape as for the un- 
submerged runt the sheet pouring under the downstream water lerel 
at the dam and reappearing as violent boiling some distance down** 
stream. The flow through the opening Is practicably unaffected 
by such partial submergence* Ihen the channel Is restricted until 
the backwater submerges the entire opening an entirely different 
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condition exists at the gate. (See ?ig» 31) The sheet is 
not then falling as it leares the opening and its moyement 
is retarded by the back pressure of the downstream water. 
In this retardation the recorerable portion of the Telocity 
head of the issuing stream is conTerted into static head, and 
a series of undulations or wares are formed Just below the 
gate. Part of the Telocity head is lost in the shock of the 
issuing stream rushing into the downstream pool and cannot 
be recoTered as an increase in the downstream water lOTel. 
That loss causes the decrease in discharging capacity of the 
completely submerged gate opening. 

During some of the low submergence runs the stream below 
the dam was in a Tery turbulent and unstable condition* At 
times the stream emerging from the gate at a high Telocity 
rushed down the center of the channel without enlarging to 
the full channel width and there was flow back toward the dam 
on each side. Wot many of the runs the downstream flow was 
practically all one one side of the channel as shown in Jfig. 
28 9 and there was back flow on the other side. The special 
still basin used for the gage measuring the downstream head 
was quite efficient in stilling all disturbances so that a 
fairly accurate measurement of downstream water IotoI is be-* 
liOTod to haTe been obtained* 

Scrutiny of the data and curTes for the large gate open-* 
ings shows that no runs were taken with low submergences » or 
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with the downstream water merely baoked upon the apron. Theee 
rune could not te taken with the downstream hook«»gage in the 
position eight feet below the dam iriiere it was located for 
all other xiins» for with low submergence the Telocity of the 
water issuing from the large opening was sufficient to cause 
the standing ware to form below the gage position » as shown 
in ifig. 32 • The gate opening lOien the riews in iftgn. 32 and 
33 were taken was 0.5773 » all conditions except the down- 
stream lerel being practically as for run #106 • 

The theoretical coefficient of discharge for the gate 
opening irtien both partially and completely submerged has been 
computed and plotted in 7ig« 20 for comparative purposeSt 
although of little practical ralue. While there is a wide 
divergence in the vadues obtained, there is apparently a ten** 
dency for the coefficient to increase both with submergence 
of the sill and with sise of gate opening* This increase is 
probably due partly to the decreased effect of end contrao-* 
tionSf as previously discussed, and partly to the effect of 
eddy currents in reducing the back pressure* These eddy cur« 
rents were formed by water returning toward the dam along 
the walls of the channel, circling through the dead water 
space behind the lower ends of the piers, and flowing down 
again with the issuing stream. The effect of these streams 
would not exist if more gates than one were used, but the 
effect of adjacent streams upon each other would probably be 
considerable. 
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The ourres shown in 7ig« 21 were plotted to ehow yarla-* 
tlon in the theoretical diecharge ooeffioient after complete 
Bubmereion of the gate opening. The coefficient ie apparent-* 
ly unchanged by Tariation in depth of eubonergence of the upper 
edge of the opening t but does ehow a tendency to increase 
slightly with increase in sise of gate openingt due probably 
to the proportionally saaller influence of contractions and 
friction* 
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Conclusions 

The ooefflolent of dlsoharge for the type of spillway 
experimented with Increased at a uniformly decreasing rate 
until the head Is ahout equal to the width of the flat crest* 
After that depth of flow Is reached the ooefflolent Is 
practically constant » hut Is less than that for a weir of 
the same shape hut of Infinite length hecause of Incomplete 
suppression of end contractions* 

Submergence has little effect upon the quantity of 
flow until the downstream head exceeds sixty percent of the 
upstream headt after which the discharge of the submerged 
weir la decreased rapidly with Increase In suhmergenoe* 

The coefficient of discharge of the opening left hy 
raising a talnter gate from Its sill Tarles with the ratio 
of height of opening to head on the center of opening* The 
Talue of the coefficient Increases with that ratio for small 
gate openings and decreases with Increase In that ratio for 
large gate openings • 

Submergence has little effect upon the discharge through 
a talnter gate opening until the drowning Is complete* after 
Which the head required for a glren flow Increases with further 
Increase In submergence* 

The coefficient of discharge of a talnter gate opening 
decreaaea allghtly with Increaae In percent aubmergence of 
the top of the opening* 
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The dlsoharge through a fixed gate opening is influenced 
little by partial eubmergenoe » but deoreaees with increase in 
percent sulnergence after the submergence is couplete^ 
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APPXSDIX B 
Call1>ration of Measuring Weir 

The ealibration of the two foot measuring weir was one 
of the problems to be met in the oourse of the experiment. 
This weir had been oaaibrated sereral times before, but it 
was thott£^t best to run a eheok oalibration inasmuch as some 
of the oonditiens mi^t not be the same as before. 

Apparatus 

The ReserToir 

The Laboratory Reserroir* the souroe of water supply for 
this calibration, is loeated on a bluff adjaoent to the labor- 
atory. It is a eiroular oonorete type of oonstruotion, fif- 
teen feet in depth and fifty feet in diameter, proTiding a 
storage oapaoity of approximately thirty thousand eubio feet 
of water. The eleration of the filled reserToir is sixty-fire 
feet aboTO the lerel of Lake Hendota. 

An obserration pit is located on the side of the reser- 
Toir towards the laboratory. In this pit are plaoed water 
column gages by means of lAiich the depth of the water in the 
reserroir can be read directly to the hundredth part of a 
foot. By the use of a Tornier attachment it was possible to 
read to a thousandth of a foot. As this reserroir had 
preriously been accurately calibrated* it serred as a simple 



Digitized by VjjOOQIC 



Digitized by vnOOQ IC 



76 



means of measuring the aaoant of water paaslng orer the weir. 

The Pipe Line 

A ten lnoh» 18 Inohet inside laboratory, pipe line le4 
from the reserToir to the weir box. This line had a oontrol 
▼aire a few feet from the weir box« 

The SiffnfP^s 

Inasmuch as there oould be no direct ooomunioation be* 
tween the obserrexsat the gages of the reserToir* and at the 
weir box* it was neoessary to employ some system for indioat* 
ing When readings should be taken. This was effected by the 
electrical signal system which had been previously installed. 
The operator at the weir box had oontrol of a knife switch 
by means of which he could signal to the operator in the 
reservoir pit* 

Method 

Observers were stationed in the reservoir pit, and at 
the weir box hook gage. The observer at the weir box hook 
gage also controlled the flow of water by means of the con- 
trol valve. 

The operator at the weir box opened the supply valve 
until the desired discharge was obtained. Ihen the conditions 
of flow had steadied down, he signalled the observer in the 
reservoir pit to start reading. At the end of five minutes 
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the operator at the weir elgnalled the obserred in the reser* 
Tolr pit to stop readings Daring the run readings were taken 
at half minute interrals^ Thie prooess was oarried out with 
the head on the weir ranging from one-tenth to one foot* It 
was then repeated # this time starting with a one foot headt 
and deoreasing by deorements of approximately one-tenth of a 
foot» 

Results 

The oomputations of the results was a simple matter. There 
being arailable a large sise head-exoess calibration ourre 
similar to that shown in Tig« 35. » and the differenoe in gage 
readings at the reserToir being known the total discharge was 
calculated. The discharge in seoond feet was secured by di* 
Tiding by the length of run« 

The arerage head on the weir was obtained by areraging 
the data taken by the obserTor at the weir box* A logarithmic 
plotting of head against discharge t as shown in Jig. 3^. t was 
then made* A table t accompanying this appendix # was made 
giring the logarithm of the head on the measuring weir» and 
the corresponding logarithm of the discharge • This was used 
in the computations^ 
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APPXHDIX C 
Calibration of tht Vtnturi Kater 

The calibration of tho ranturi matar waa nacaaaary ba* 
fora it could ba uaad for maaauring tha flow of watar« Thia 
apparatua had baan calibrated praYioualy» but tha aat up dif* 
farad and it waa nacaaaary to calibrate it again* 

Tha apparatua uaad in tha calibration of thia inatrumant 
waa tha aana aa that uaad for tha wair and will not ba da* 
aoribad hara. Tha alaotric aignalling ayatan waa again uaad 
advantagaoualy* 



Tha mathod anployad waa tha name aa that uaad in cali* 
brating tha wair» obaeryera being atationad at the mercury 
preaaure gage of the yenturi meter » auid in the obaarration 
pit of the reaarroir. Calibrationa were made with increaaing 
and decreaaing haada« 

Rf^ta 
Tha raaulta ware computed in the aama manner aa for 
tha weir and a logarithmic plotting of difference in head 
againat diacharge waa made aa ahown in 7ig« 36. 
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The foregoing theele le hereby approyed ae 
a oredltahle study of an engineering eubjeot* oarried 
out and presented in a manner euffioiently eatiefaotory 
to warrant its acceptance ae a prerequisite to the degree 
for irtiich it has been eubmitted. It ie to be understood 
that by this approTalt the undersigned does not necessar* 
ily endorse or approye any statement made> opinions ex* 
pressed or conclusions drawn therein » but approyes the 
thesis only for the purpose for which it is submitted* 
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